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VLT/NACO adaptive optics imaging of the TY CrA system 
A fourth stellar component candidate detected 
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Abstract. We report the detection of a possible subsolar mass companion to the triple young system TY CrA 
using the NACO instrument at the VLT UT4 during its commissioning. Assuming for TY CrA a distance similar 
to that of the close binary system HD 176386, the photometric spectral type of this fourth stellar component 
candidate is consistent with an ~M4 star. We discuss the dynamical stability of this possible quadruple system 
as well as the possible location of dusty particles inside or outside the system. 
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1. Introduction 

The CrA dark cloud has bee n exten sively studied from X 
ray l|Neuhauser et all l200(]|) to IR l)Wilking et all Il997(l 
and radio wavelengths as one of the closest star forming re- 
gions. Nearby clouds such as the reflection nebula around 
RCrA greatly help understanding the stellar formation 
processes and can be used to compare gen eral tendan- 
cies in various star forming regions (see e.g. I Chen et al.l 
[l993). This small cloud is now known to host dozens of 
young stars, mostly low mass stars and brown dwarfs, plus 
a few high mass stars. Among the latters, TY CrA (B9) is 
the one of the brightest at optical and near IR, together 
with RCrA (A5), HD 176386 (AO) and TCrA (FO). As 
other peculiar mass ive multiple systems HR5999 with a 
T Tauri compan ion llStecklum et al.Ul995(l or the eclipsing 
binary EK Cep ('Claretl ll995b(l . TY CrA deserves partic- 
ular attention as it adresses the question of massive star 
formation. 

The distance of the TY CrA system is presently un- 
known. However, at ~ 57" away, the binary system 
HD 176386 sha r es com mon proper motion with TY CrA 
ijTeixeira et al.L l2000|) . We can then reasonably assume 



that these two systems are physically bound and then con- 
sider for TY CrA the Hipparcos dista nce of 1361iq pc mea- 
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sured for HD 176386 (as assumed bv ISiebenmorgen et alJ 

TY CrA has been identified and characterized by 
ICorporon et"ai] l)l994|) as an eclipsing spectroscopic bi- 
nary (SB) Pre Main Seque nce (PMS) systeni . Two 
years later. lCasev et all l)l995l) and lCorporon et aD l|l996l) 
showed that TYCrA is a triple SB system, the first one 
detected among young and massive Herbig stars. Eclipsing 
binary stars are very precious as they allow a precise de- 
termination of the star masses. Coupled to evolutionary 
tracks, they help deriving ages for the system. Both mass 
and age are crucial parameters for studies of stellar sys- 
tems dynamics and stability and provide thus valuable 
con straints on binary s ystem early evolution processes (see 
e.g. lPrato et al.ll2002() . In the case of TY CrA, the masses 
have been found to be Mi = 3.0 M^n, = l.GMg^ and 
M.cj = 1.2 - 1.4Mq ((Casev et all Il998t ICorooron et"al] . 

The secondary and tertiary components are very 
close to the primary, with semi major axes of respectively 
lA Rp, (0.065 AU) and 1- 1 .5 AU. Using evolutionary tracks 
oflSwenson et alJ lll994l): I Claretl l)l995a|) : lo^ntona et all 
l)l994l) . ICasev et al.ll|l998() found an age of order 3 Myr for 
the system, confirming the estimation done bv iBeust et alJ 
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Table 1. NACO observations of TYCrA and SAO210858: instrumental set-up and observations logs. Camera S27 
and S13 respectively provide 27.0 and 13.4 mas/pixel sampling. DIT and NDIT correspond respectively to the 

exposure integration time and the number of exposures. 



Star 


Central Wavelength 


Bandwidth 


DIT 


NDIT 


Camera 


WFS 


Dichroic 




(/im) 


(^iin) 


(s) 










TYCrA 


2.166 


0.023 


0.6 


100 


S27 


VIS 


VIS 


TYCrA 


1.257 


0.014 


1 


25 


S27 


VIS 


VIS 


SAO 210858 


2.166 


0.023 


0.5 


50 


S13 


VIS 


VIS 


SAO 210858 


1.257 


0.014 


1 


25 


S13 


VIS 


VIS 



NACO 1.257 microns (Si 3) 



0.3" 



NACO 2.166 microms (S27) 
0.3" 



l|1997l) . This figure may be compared with the age of 
4 Myr recently derived by Palla & Stabler ( 2001). The TY 
CrA system e xhibits IR excesses indicatiye of circumstel- 
lar (CS) dust ^Cruz-Gon zalez et all llQsi IWilking ei~an. 
Il985: Bibo ct al., 1992). At least part of this dust is cold, 
but the CS material has not been resolved sofar. 

The richness of the TYCrA system encouraged us to 
conduct Adaptive Optics (AO) imaging observations with 
NACO at the VLT UT4 in the course of the instrument 
commissioning. A faint visual additional companion can- 
didate, unknown sofar, was discovered close to the unre- 
solved triple system. We present in Sect. 2 the results of 
the VLT/NACO AO observations. In Sect. 3, we discuss 
the photometry of the additional companion candidate to 
TY CrA to test if this object is bound and to determine 
the corresponding stellar parameters. In Sect. 4, we finally 
discuss the dynamical status of the possible quadruple sys- 
tem, i.e the possible existence of a Kozai resonance be- 
tween the possible fourth stellar component and the three 
others. We also discuss the possible location of dusty par- 
ticles in this system. 

2. Observations and results 

Near IR images of the TYCrA system (RA=19:01:41, 
^=-36:52:34 (J2000), V=9.4, Spectral Type Herbig Be) 
have been recorded on March 31 *'' 2002 with NACO 
l)Lagrange et ai 120021: iLenzen et al 12002). NACO is com- 
posed of NAOS, the fi r st Ad aptive Optics System on 
the VLT l|Rousset et al.l l2002l ) and on the other hand of 
CONICA, a 1-5 ^m imaging, coronographic, spec troscopic 
and polarimetric instrument ijLenzen et ai[l998|) . 

For these observations, we selected NACO's visible 
wavefront sensor. With the adequate dichroic, the visi- 
ble light was directed to NAOS and all the IR light to- 
wards CONICA. The CONICA detector is an Aladdin 
InSb 1024 X 1024 pixel array. The cameras used were ei- 
ther S13 or S27 which provide respectively 0.0134 and 
0.0270 arcsec/pixel samplings adapted to the observing 
wavelengths. The star SAO 210858 (RA=19:03:12, S=- 
37:29:11 (J2000), A5, V=10.0) located close to TYCrA 
was also recorded to get PSF calibrations as close as pos- 
sible in time to TYCrA observations. The detail of the in- 
strumental set-up is given in Tabled Although the obser- 
vations were performed under poor seeing conditions (1.3- 
1.8"), a faint additional object is detected at 0.3" from 



Fig. 1. VLT/NACO AO imaging of the unresolved triple 
system TY CrA and the fourth stellar component candi- 
date detected at 0.3" at 1.257 /im and 2.166 /im. North is 
up and east is left. 

Table 2. MISTRAL deconvolution results. Contrast and 
relative position between the unresolved triple system 
and the fourth stellar component candidate observed at 



1.257 ^lm 


and 2.166 


/im. 






Source 


A[1.257] 


A[2.166] 


Separation 


P.A. 




(mag.) 


(mag.) 


(arcsec) 


(degrees) 


TY CrA 


3.5 ±0.3 


2.8 ±0.1 


0.294 ±0.007 


188.5 ± 1 



the unresolved triple system TYCrA. Figure ^ presents 
the AO images obtained at 1.257 fim and 2.166 /im. The 
observ ations were th en deconvol ved using MI STRAL algo- 
rithm l|Conan et all EoOO: Fusco et allll999l) . The results 
are reported in Table El 



3. Companion or background object ? 

As this new companion candidate cannot be identified 
with one of the known spectroscopic components of the 
TY CrA triple system (contradiction with well known or- 
bit parameters), the first question is whether the photom- 
etry of this object is consistent with the photometry of 
a fourth, gravitationally bound stellar component and if 
so, to derive the corresponding stellar parameters. The 
photometry of the unre solved TY CrA system obtained by 
Ide Winter et"!!! ll200ll) . J = 7.36±0.1 and A' = 6.57±0.1, 
and the observed contrasts (see Table|21l are used to deter- 
mine the photometry of the new object. We have made the 
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Fig. 2. Evolutionary tracks of iBaraffe et alJ l)l998(l with 
the location of the fourth stellar component candidate to 
TYCrA based on photometry and assuming an age be- 
tween 3.2 and 4 Myr for 3 hypothesis of distance: 161 pc, 
136 pc and 117 pc (from left to right). 

Table 3. Stellar parameters for the fourth stellar compo- 
nent candidate to TY CrA if bound to the system. 





Age 


of 3.2 Myr 




Distance 


Distance 


Mass 


Effective 


to Earth 


to TY CrA 




temperature 


(pc) 


(AU) 


(Mo) 


(K) 


117 


35 


[0.2, 0.4] 


[3178, 3445] 


136 


41 


[0.25, 0.5] 


[3260, 3525] 


161 


48 


[0.35, 0.62] 


[3395, 3621] 


Age of 4 Myr 


Distance 


Distance 


Mass 


Effective 


to Earth 


to TY CrA 




temperature 


(pc) 


(AU) 


(Mo) 


(K) 


117 


35 


[0.25, 0.45] 


[3270, 3492] 


136 


41 


[0.3, 0.57] 


[3340, 3584] 


161 


48 


[0.4, 0.7] 


[3452, 3674] 



approximation that the contrasts obtained with the nar- 
row band filters at 1.257 and 2.166 fim were respectively 
similar to the ones with broad bands filters J and K. The 
photometry of the fourth component candi date was then 
comp ared to the evolutionary tracks of (jSaraffe et al.l 
Il998 t) for an age of 3.2 and 4 Myr. Regarding the impor- 
tant Hipparcos parallaxe uncertainties, three hypotheses 
of distances were considered: 161 pc, 136 pc and 117 pc. 

In each case, we used then the color-magnitude di- 
agram for the near-IR color (J — K) to determine the 
expected stellar parameters for the fourth stellar compo- 
nent candidate to TYCrA if gravitationally bound. The 
results are reported in Table El and are also overplotted 



to the evolutionary tracks in Fig. |21 For these three dis- 
tances, the corresponding spectral types found for an age 
ranging between 3.2 and 4 Myr are M1-M4, M2-M5 and 
M3-M6. Further spectroscopic observations will help to 
confirm the companionship of this newly detected object 
and to characterize precisely its spectra. 

4. Dynamical status of the quadruple system ? 

We cannot state that the newly discovered object is really 
bound to the triple system even if the measured colour 
and brightness are consistent in the frame of the distance 
and age of the system. Repeated astrometric observations 
are needed to assert this point. One can however address 
the effects and consequences if it is physically bound. 
Hereafter, a M4 ~ 0.4 ± 0.2 M© component orbiting the 
triple system at ~ 41 AU is considere d. 

A detailed dynamical modeling of iBeust et al.l l|l99lfl 
showed that the stability of the triple system was ensured 
by tidal effects within the central binary. More specifically, 
if tidal effects were not present, the secular dynamics of the 
triple system would be do minated by the Kozai resonance 
l|Kozail I1962I : iHarrinetonL Il968). In triple stellar system, 
this phenomenon is characterized by drastic periodic in- 
creases of the eccentricity of the central binary, while in 
the same time the mutual inclination i between the or- 
bit of the central binary and that of the third component 
would be subject to sharp drops by more than 40° on very 
short timescales (< 10^ yr). Active as soon as the inclina - 
tion i between the two orbits is ^ 40 ° ('S oderhielmLll982l) . 
only the orbit with the smaller ang ular momentum (i. e 
the inner orbit) is strongly affected ijBeust et all Il997l) . 
In the case of TY CrA, the ratio of the third body angular 
momentum over the central binary angular momentum is 
^ 4.8. This is enough for initiating a very strong Kozai 
resonance which would strongly affect the central binary 
(with a possible physical collision) in the absence of tidal 
effects. 

If now a fourth member is identified, it is worth won- 
dering whether a Kozai resonance exists between this ob- 
ject and the third body around the central binary. This is 
of valuable interest, because in that case, no tidal effects 
in the orbit of the third body are to be expected to as- 
sure the dynamical stability of the whole system. Actually 
a specific dynamical study must be initiated and will be 
the subject of future work. Depending on the mass as- 
sumed for the fourth body, and on the semi-major axis 
and eccentricities values taken (compatible with the mea- 
sured projected separation), the angular momentum ratio 
between the orbits of the third and fourth component is 
expected to range between ~ 1 and ^ 4. If the mutual 
inclination is high enough, we may expect a significant 
Kozai resonance as soon as this ratio is ^ 2. We thus 
cannot definitely conclude at present, but we may suspect 
that it will be at work and will affect the overall dynamics 
of the system. 

Ano ther important issue i s the prese nce of dust in the 
svstem. lcT^z-Gonzalez et al.l l(l984) ; Wilking et alJ ||198,'tI) 
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and lBibo et al. report the detection of a strong far- 

infrared excess attributed to cold (95± lOK) dust located 
at about 900 AU from the central binary. According to 
iBibo et al ](|l99i), the fact that this distance is very large 
leads to question whether this dust is of CS origin: if there 
is some CS dust, why is it only at large distance ? If the 
whole system is quadruple, dust particles are very unlikely 
to be dynamically stable at close distance from the cen- 
tral binary. They might be dynamically stable between the 
central triple system and the fourth body. This actually 
depends on the orbit assumed for the fourth component, 
and on the strength of an eventual Kozai resonance. If 
present, dust in this area would be warmer 200 K) and 
generate a mid-infrared excess that has not been detected 
sofar. In this context, this non-detection is perhaps an in- 
direct indication of dynamical instability in this region and 
may put some constraints on the dynamical status of the 
system. Dust is more safely expected to be found orbit- 
ing the four-body system, but not closer to 2-3 times the 
distance of the fourth body, i.e. at least 100 AU, and prob- 
ably more if radiation pressure from the central binary is 
taken into account. The structure of this dust component 
(circum-quadruple disk or spherical shell ?) is an open 
question and should depend actually on the dynamical 
behavior of the four-body system. Obviously a dedicated 
dynamical study is required. 



5. Conclusion 

We have presented results of VLT/NACO adaptive optics 
imaging of the TYCrA system. A fourth stellar compo- 
nent candidate is detected at ^ 0.3" from the unresolved 
triple system. It is not possible at present time to conclude 
whether this fourth component is physically bound to the 
system. If this is the case, this object is likel y to be a '-^M4 
dwarf based on the evolutionary tracks of iBaraffe et alJ 
()l998|) for an age ranging between 3.2 and 4 Myr and a 
distance of 136l^g pc. If so, we can then expect the pos- 
sible existence of a Kozai resonance between the orbit of 
the fourth component and the third body around the cen- 
tral binary, which could affect the stability of the whole 
system. Dust particles might be also dynamically unstable 
between the third and fourth component. The only detec- 
tion of a strong infrared excess attributed to cold dust or- 
biting the four-body system may be an indirect indication 
of dynamical instability in this region. Further dynamical 
study must be initiated to investigate the status of this 
possible quadruple system and of the possible location of 
dust inside or outside the system. 
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